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HYDRAULICS - FLUID - SPECIFICATION FMS-0006

EVALUATION TESTS

PURPOSE :

Operating conditions of the B-58 hydraulic system
make it mandatory that a new hydraulic fluld be
developed for use on this airplane, The fluid
needed is one capable of operating under extreme
performance conditions as well as at temperatures
up to 350°F, Two newly developed s%l%cate ester
type hydraulic fluids were considered; Monsanto's
0S-45 and Oronite®s MLN-82004 ML0e8200 was selected
for its better pumping efficiency.. Howevergy MLO-8200
shrank and hardened rubber seals at 350°F, To
obviate this problem, Oronite submitted their 8515
Fluld, a blend of 85% MLO-8200 and 15% Rohm and
Haas's sebacate ester, Plexol 201, The sebacate
ester has a swelling effect on rubber which compen-
sates for the shrinking effect of the ML0-8200, The
8515 blend also retains the desirable properties of
MLO-8200,

Therefore, the purpose of this test was to determine
if Oronite 8515 hydraulic fluid meets the require-
ments of Convair's Procurement Specification FMS-0006,

SUMMARY :

In order to establish its degree of compliance, Oronite
8515 Fluld was tested as per Convalr Specificatiom
FMS-0006, Standard procedures were used in most
instances. The results were that Oronite 8515 Fluild
met the specification with but three exceptlions, The
first exception, Autogeneous Ignition Point, is minor
in as much as it 1s Just below the 1imit. The other
two, Viscosity Change - Oxidation Corrosion test and

Compatibility with MIL-0-5606, are more important,

With reference to the Viscosity Change 4n the Oxida-
tion - Corrosion test, this property increased *o the
maximum 1limit permissable under Convair Procurement
Specification FMS-0006. This is not desirable ntnee 1
it indicates possible polymerization and formation of
large molecules whlch would lead to a filter-plugeing
condition,

9
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It has already been .shown in FTDM 1539 that the compatibility
of this fluid with MIL-0-%606 is questionable, Two percent
contamination of Oronite 8515 fluld with MIL-0-5606 could not
be tolerated at elevated temperastures,

Shear stability was not investigated due to lack of necessary
equipment. No Pesco pump or other sultable pump was avallable
and 1t was deened unnecesrary to purchase one at this time,
The aircraft hydraulic pump test and the high temperatuyre opera-
tion teat were to be run by the Fluld Dynamics Section and the
results furnished to us. However, the Fluid Dynamics Section
pointed out that no "apﬁroved" pump or pump conforming to Cone
vair Specification FZC-U-086 is available now or is likely to
be available in the near futures Therefore, they could not be
expected to perform these tests., However, performance tests
of actual aircraft hydraullc equipment are now in progress,

In discussiongs, before this test was started, it was agreed
by the requestor that vendor data would be accepted for the
following items: :

1, Compressibility

2, Specific Heat

3 Bulk Modulus

4, Dielectric Strength

5. Thermal Conductivity

6, Toxicity
Although toxological tests were not unp here, 1% was noted
that certaln toxic effects were evident when working with

this flutd. These effects were particularly evident with
the fumes produced a% elevated {emperatures, *
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HYDRAULICS = FIUID ~ SPRECIFICATION FMS-0006
EVALUATION TESTS
OBJENT: To determims the suitability of Oronite 8515 hydrseulic

DESCR

luid for use in the B=58. Oualification of this fluid is
dependent upon its compliance with Convair Procurement Speci-
fication FNS«0006, '

IPT ION OF MATERIALt

Oronite 8515 Hydraulic Fluid
Oronite Chemicel Comonny
200 Bush Street
San Frencisco, California

Oronite 8515 hydrsulic rl111d 1s described as a high temperasture
hydraullic fluid of the following compositions

79.0% Hexa (2 ethyl-hutoxy) disiloxane
15.0% Di~2-ethyl hoaxyl nebacate

4.0% Methyl ethyl ~llicone

2.0% pr’ dioctyl diphénylamine

0.02% Quinizarin

PROCENURE: The procedures uscd In ths quelificntion tesating of this

u were for the most part taken from Americsn Soclety for
Testing Meterislsy Volume V., Seversl procedures were taken
from Federal Speelfication VVel-791-E, 21 May 1953. Thn
remsinder of the tests were run according to FMS-0006 opr
were developed by the Chemistry Section of the Engineering
Test Laborstory in Instances where procedures were not c¢slled
out .

The following 1s a 11s% of the tests snd their sources:

l. Viscosity v -+ ASFM D445-46T7

2e Flash Point ASTM DO92=46

3¢ &ire Polrnt ' ASTM D92e46

4, Pour Poing ASTM D97-47 ?
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5.
6.
7.
8.

9.
10.
11.

12.
13.
14.
15.
16.
17.

18,

Precipitation Number A.S.T.M. D91=40
Neutrslization Number A.S.T.M. D663-46T
Autogenous Ignition Folnt ASTM D286-30

Vapor Pressure, Convnir Zngineering Test Laborntory,
Chemistry Section

Sm Cific GI’BVit'y, Ao'“‘ tT 0140 D1298-550
Fosming tendency A.S.T.M. D892-46T

Storagre Stablility Convair Procuremenit, Specificntion
FMS~0006

Low Temperature Stablllty Convair Procurement Specificstion
M S-0006

Hydrolytic Stability Convalir Procurement Specification
FMS-0006

Oxidntlon = Corrosion Stability, Federsl Speciflicsetion
VV=-1L=791E, Method 53C8.3

Qunlitative Evaperstion, Convair Procurcment Spocification
FM3=-0006 '

Quantitative Eveporation, Convnir Procurement Specification
FM S~0006

Hygroscople Tendency, Convalr Procurement Specification
FMS-0006

Copper Strip Corrosicn A.S.T.M. D130«55T

Some of the required tests, such sas; compressibility, spocific
hent, bulk modulus, dielectrlc strenrth, thermsal conductlvity,

toxicity, snd shear atability could not be sceomplished here and

by the consent of the recucstor, vendor data has beon included
¢n this report. -

Since most of the tests were of a stnandard nature, it 1s folt
that the results sre self-explanatoryg Howewer, the wnpop
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pressure method 1s not standard and was developed from equip~
ment which was available,

The vapor pressure of petroleum olls cannot be sharply defined
since these olls are mixtures of organic compounds with a wide
variance in boiling rangre. VWhile the o0ll under test here is a
synthetic ol1l, it is made up of five different organic com-
pounds, each or which would exert its own vapor pressure, There-~
fore, 1t 18 necessary to treat this oil as a'mixture in the

same manner as petroleum oiln, even though the number of com-
pounds are rather limited 1n comparison with a petroleum oil,

The vendor suggested a method of obtaining vapor pressure, An
attempt was made to duplicate as closely as possible this
method and apparatus.

A boiling point type apparatus, immersed 4in an oil bath, was
used in this procedure. The pressure of an inert atmosphere
is varied by means of a alow leak, and the vapor pressure of
the boiling liquid is tak~n as equal to the pressure of the
inert atmosphcre., Provislons were made to measure the pres-
sure by means of a direct connection of a McCleod gruge to

the boiling chamber. The temperature was controlled by a
variable heater. In this method, the temperature of the liquid
1s ueasured rather than that of the vapor phase since accurate
temperature measurements In the vapor phase are difficult to
make at such low vapor pressures.

The procedure was one in which a weipghed amount of test fluid
(Oronite 8515 hydraulic fluid) was placed in the boiling point
apparatus. A vacuum was applied immedlately to degas the
sample of absorbed and/or dissolved ailr, After degassing
was completed the pressure was adjusted by means of the slow
leak and the temperature was brought up to the boiling point
of the test fluid. When Lt was established that an equili-
brium state of pressurc and temperature was obtained, the
temperature and pressure were rgcorded. Readjusting the slow
leak to obtain another pressure, the entire process was
repeatedey This was done for a number of pressures and tempe-
ratures in order to obtaln a temperature w pressure curveg

The apparatus was calibrated using ethyl alcohol. A calibration
eurve wlth the determined vapor pressures @and the theoret$cal
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vapor pressures tskon from Hendbook of Chemistry emd Physics,
thirtieth edition, 1s included in thls report. Corrections were
disregarded since they nppeared minute in nature end the A.ter-
mined vapor prassure (il net approach the maximum perminsible -
1imit urder this speciflication.

When the oxidation~corronsicn test was done oripinslly, the
spocification celled for only four different metnls to be
used and the viscosity nt 130° %o be determined on the test
fluld et the end of the seventy=-two hour test perlod. An
amendment put out on 235 Jarunry 1956 added snother metal and
chenged the viscosity to 210°F. Due to this chsange, the test
was re=-run to confom to a new spocification.

A decision was made to re-run the test and severrl points were
brousht up concerninpg the fluld loss during the test end the
viscosity increase of the fluid after the test. 1In order to
pin point the ceuse of these problems, several sdditional tests
were mede In which somoe of the varisbles were omitted. For
instance, in one test, tShe moetnls were omitted while the rest
of the conditions remrined conntant. In the other test, both
the metals snd the slir were omltted.

REJUITS: Table I is a comnlate summary of the tests e¢rlled out in
onvalr Procurement Specification FMS-0006, the 1imlts of esch
test where gpeclfled, En7lneering Test Lahorstory, Chemlstyy
Section dats and the vendors dnta. '

Teble II is & summery of the work done on the oxidation-
corrcsion test.

Flgure 1 is the calibration curve of vapor pressure vs. tem-
perature of ethyl slcoh»l.

Fipure 2 13 the VQrbr pressure va. temperature curve of Oronite
8515 hydrsullc fluid.

Flpure 3 1s the specifie gravity~temperature relationship of
Oronite 8515 hydreullc flu:id.

Fipure 4 1s the kinemstlc viscosity-temperature reclationship of
Oronite 8515 hydrsulic fluid.

DY3CUSSION: 1In the B-58 nlrplens, it was evident that MIL-0-5606
petroleum bnase hydrsulis flulds would not meet the temporature
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requirements. A search was instituted for a substitute fluid
#hich would meet these reaquirementa, and it wes found thnt n
aynthetlc bese fluld, Oronite 85135 hydrsulic fluild wrs the one
which was closest to hainp mstisfactory. The purpose of this
test was to detemine tho degree of complliance that was attsinsble
with Oronite 8515 hydreulic {luid. This fluid was evalunted es
for 83 1t was possible wlith avellablse equipment.

As c¢en be seen from the dnte in Table I, Oronite 8510 hydrsulic
fluid meets, in generrl, the limits cf Convelr Procurement Speci=-
fication FMS=-0008. Howaver,'an imports-nt part of this specifi-
crtion has been left out nnd this 1s the sherr astabllity of the
Oronite 8515 hydresulic fluid. The Fluid Dynnrmics Section of the
Engineering Test Laboratory was to perform these tests nnd supply
the dstn to the Chemistry Sectlion. It wes discovered thnt no
"approved" pump or pump conforminz to Convair Speciflcation
FZC-4-086 wns svallsble nor was one likely to be aveailsble in
time to do the necessrry tests., Therefore, no shesr dnta 1is

- avatleble snd in = kydranlic system such as is to be used in

the B~58, with smnll orifices snd hipgh spsed pumps, this aunltity
's very imnort:mt. Anv fluid used in =uch s system must have a

low. shear ‘rate.

The other points at whish this fluid does not meet or 1s on the
horderline of Convalr Procurenent Specificstion FMS-0006 rre:

1. Autogenous iynition moint. This requirement 1s below
the minimum.

2. Oxidntion norrosion test. Viscosity Chenge - [his velue
is rirht on the top limit. The vapor loss which re-
sulted from b“this test ls quesationnble, but [t has been
sgreod by diffseront ources thnt thils test mny be too
severe. Sone vorik has been donoe by the Matorinls
Laboratary st bnyton, Ohlo with the view in nind of
reducing the flov rate of nir md still retaining the
oxldastion=corresion ider of the test.

As c¢nn be sesn from our work here, omitting the flow

of sir reducnd tho fluild loss. It wss unfortunnte

that time d'd not permit the determinrtlion »ft inter-
mediate points of air flow, sc we would be itn s posttion
to correlnte tho Materlsls Laborastory's work when it
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becomea_évailable. It 1s evident that vapor loss is
dependent upon the sir flow and this should not present
a problem in a hydreulic system which is sesled.

~ Another point brought out by the eliminstion of air
flow was the great reduction in viscoslty chenge in
the fluid after the oxidation corroslion test. This
was ~mnticipeted because the viscosity change hinges
on fluid loss. Apparently, the metals present cstalyze
‘ . a polymerizetion in the fluld but it spnears necesssry
! ‘ 8lso to have g flow of sir. When rir and metsals were
removed from the test, viscosity chenge dropped to @
nil vselue, ss did the evaporation loss.

3+ Compeatibility with MIL-0-5606. This quallty 1=
questionsble. A complete report hes been submitted
under FTDM 1539 showing thet two percent of MIL-0-5606
could not be tolernted st elevated temperantures.
Iesser smounts were questionable therefore it weas
recommended thet no contaminstion be esllowed to
occur,

CONCIUSIONSs Oronite 8515 hydrsulic fluid meets Convsir Procurement
pecliicetion FMS-0006 with the following exceptions:

1. Autogenous ignition point.
2., Viscosity Chsnge - Oxidetion - Corrosion Test

S« Competibility with MIL-0-5606. As was mentioned before,
vendor data would be sccepted for certsin pesrts of this
specification. ‘

It was also noticed that while no toxic effects were
epparent in handling the fluid itself, the derradestion
products formed st elavated temperatures csused con-
strioction of the nose and throat.
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